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 第 1 章序論では、大容量化に向けた課題の技術的詳細について述べた。 
第 2 章では光パルス多重化の際の相互の光位相関係を精密に制御することで、80 
Gbit/s の高速光信号で 25 ps/nm の広い群速度分散耐力を達成した。 
第 3 章では光信号の直交性を応用した簡易な群速度分散測定方式を提案、必要十分な
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Optical fiber transmission have been serving as social infrastructure for various Information 
Technologies-based (IT) services. Recently, mobile and data communication traffic has expanded 
dramatically. Thus, optical transmission systems that support more capacity with less cost still be 
indispensable. For such purpose, speeding up bitrate and increase of WDM channels will be promising. 
For the former, suppression of inter-symbol-interference and noise from optical amplifiers are the main 
issues. Fort the latter, compensation of group velocity dispersion over wide wavelength, concatenation 
mechanism of multiple WDM channels, and enhanced robustness of these concatenated WDM 
channels are the main issues.  
Clause 1 is devoted to describe the details of technical issues toward capacity expansion.  
In clause 2, the author achieved wide group velocity dispersion tolerance of 25 ps/nm at 80 Gbit/s 
optical signal by manipulating optical phase in multiplexing. This provides a significant milestone toward 
novel modulation techniques with optical phase control, which has been deployed in NTT network.  
In Clause 3, the author proposed simple dispersion measurement method which utilizes orthogonality 
in optical spectrum and verifies its sufficient accuracy. This serves as a basis of cutting edge 100 Gbit/s 
optical transport systems.  
In Clause 4, the author confirmed actual impairment from polarization mode dispersion for the first 
time. The obtained result provides basis for 40 Gbit/s optical transport system implementation in its 
system design.  
In Clause 5, the author applied novel phase matching condition in four wave mixing process in optical 
fibers and achieved effective suppression of noise from optical amplifiers. Then, the author extended to 
optical 3R (Reshaping, Retiming, and Regeneration) circuit with retiming function, succeeded in SNR 
recovery, and evaluates its performance for the first time.  
In Clause 6, the author designed phase mask for arrayed-waveguide-grating time-frequency converter 
circuit and achieved successful compensation of group velocity dispersion over 25 nm range in 
dispersion shifted optical fibers. In addition to that, the author implemented de-skewing circuit for optical 
virtual concatenation that he proposed and conducted real-time demonstration with high-end 
visualization application. Current standardization trend is supporting this direction. For robustness 
enhancement, the author proposed novel transport architecture to design outage probability in 
programmable manner. The proposal has been implemented, evaluated in NICT-funded project, and 
showed significant advantage of more than 50% of network resource reduction as designed.  
